Background: China had 236 million internal migrants in 2012 and the majority of them migrated from rural to urban areas. The research based on medical and epidemical records found that the migrants had worse health than the urban residents, but the household and working place investigations reported better health status. The sick or unhealthy migrants are likely to return to their hometowns, which in turn may cause a report bias or over-estimation of the health status of rural-to-urban migrants in China. This paper explores the association of migration status and the physical and psychological health of Chinese internal migrants. Methods: Nationally representative household survey data from the China Labor-force Dynamics Survey 2012 (CLDS) were used to analyze the association between the migration status and the health status of internal migrants in China. Migration status of the respondents was measured by hukou status and migration experience and all respondents were divided into four groups: returned population, migrant population, urban residents, and rural residents. Health status of respondents was measured by self-reported physical and psychological health. Results: Migration experience was associated with the physical health of the returned population. The physical health of the returned population was worse than the migrant population and was distinguished by age and sex. The physical health status of migrant population was significantly better than rural residents, but not significantly better than urban residents. However, the association between migration status and psychological health was not statistically significant. Besides migration status, the socioeconomic status (SES) had a positive correlation with both physical and psychological health status, while occupational hazards exerted negative influence.
Background
Globalization represents not only the global circulation of production factors and commodities, but also the global flow of workforces. According to the 2009 Human Development Report, there are 940 million immigrants all over the world, and 200 million out of them are international migrants [1] . Literature on immigrants from developing countries to developed countries notes that the immigrants have better health than the natives at their time of first arrival [2, 3] . Selective migration is the major reason for the initial health advantage. Healthy people are more likely to migrate and the host states may prefer healthier people [4, 5] . However, the immigrant health advantage diminishes over time substantially [6] . Eventually, the sick or unhealthy immigrants return to home state, which may possibly cause the statistical bias of immigrants' health status [7] .
The interaction between health and international migration is known as the "Healthy Migrant Effect". Three hypotheses are used to test nations and subgroups for this phenomenon: (1) The health of immigrants is better than the local residents in the destination place or original place [8] ; (2) The health advantage of immigrants dissipates over time [3, 9] ; (3) The sick or unhealthy immigrants are likely to return to their hometown [10, 11] . If hypothesis 3 is tenable, it can be inferred that the physical and psychological health status of returned immigrants should be worse than the un-returned immigrants in the host countries.
Hypotheses 1 and 2 have already been proved by a number of studies [12] , but few studies have been done to compare the health status (both physical and psychological) of returned migrants and migrant populations in the international investigations to test hypothesis 3. Due to the difficulty in tracing international migrants, this paper mainly aims to test hypothesis 3 by analysing the association between migration status and health status of internal migrants. Hypothesis 1 is also tested and discussed in this research.
China has the world's largest internal migrant population-236 million in 2012 according to the 2013 Report on China's Migrant Population Development, and the majority of them migrate from rural to urban areas. The urban residents generally enjoy better health status than the rural residents, but the internal migration in China generated some very interesting issues. The Healthy Migrant Effect has been proved to exist in China's internal migration and both hypothesis 1 and hypothesis 2 were tested by previous studies [6, 13] . Similar to the international migrant studies, hypothesis 3 has not been proved by internal migrant studies in China.
Actually, the present epidemiological literature and social science literature on the health of internal migrants in China seems to report contradictory findings. The research based on medical and epidemical records claims that migrants have serious health problems-they are vulnerable to communicable and sexually transmitted diseases, occupational injuries and diseases, bad regeneration health, and had higher maternal mortality rate [14] . However, the household and working place investigations in host cities show that the migrants reported better self-evaluated health status than the urban residents [6, 13] .
Why did the two data sources generate such completely different findings? One possible explanation is that the sick or unhealthy migrants, who are treated and recorded in medical and public health facilities, are rarely sampled by the household and working place investigations. The sick or unhealthy migrants have returned to their hometown [10] , which may cause the reporting bias or over-estimation of the health status of internal migrants in China. Of course, the reasons migrants return to their hometown are diverse and complicated, such as taking care of the family, giving birth, farming or working [15, 16] . Based on the previous study and hypothesis 3, however, we infer that health status is a very important contributing factor to the decision to return in the migrant population [10] .
As noted elsewhere, internal migrants in China suffer severe psychological problems due to pressures from 3D (dirty, dangerous and difficulty) work and other factors [17] . Studies on the psychological conditions of internal migrants in China also report inconsistent findings.
Some research has reported worse psychological health status of migrants compared with urban residents [18] , but the others argue that the psychological health status of different migrant groups varies depending on the group [19] . But there has been little obvious evidence indicating the psychological health status of migrants that have returned to their hometowns.
As psychological health is closely related to physical health [20] , we could assume that the retuned migrants are of worse psychological status than the un-returned migrants. Using data from a nation-wide representative survey in China, this paper aims to test hypothesis 1 and 3 of the Healthy Migrant Effect on both the physical and psychological health of internal migrants.
Methods
Data from the China Labor-force Dynamics Survey 2012 (CLDS) were drawn to analyze the association between the migration status and the health status of internal migrants in China. CLDS is a nationally representative, multidisciplinary household survey conducted by Sun Yat-sen University, which is an open access database and publicly available at http://css.sysu.edu.cn/.
The research team applied to the CLDS program and received official permission to use the data. CLDS covers a series of topics, such as demography characteristics, family, education, employment, work history, income, migration and health, et al. The subjects of CLDS are the laborers (all family members between the ages of 15-64) from the sample households which are randomly selected from 29 provinces in China (Hong Kong, Macau, Taiwan, Tibet and Hainan are excluded). The national baseline investigation was conducted in 2012 and 3/4 sample communities were investigated 1 . More than 800 investigators collected 303 village questionnaires, 10612 family questionnaires, and 16253 individual questionnaires. All investigators were trained and tested before investigation and were monitored during the investigation. Computer Assisted Personal Interviewing (CAPI) technology was adopted to control data quality.
Sampling
The survey adopted a multi-stage, multi-stratified, Probability Proportionate to Size Sampling (PPS) sampling method. The first step was to establish the provincial sampling frames. Six provincial sampling frames were established following the geographic definition of east, west and middle region, along with the population size, large and small population of each province. The second step was to sample the counties. In this stratification, all counties were ranked by GDP per capita, and the primary sampling unit was chosen by systematic sampling from random starting point according to the size of the labor force. The third step was to sample the rural and urban communities. All communities administrated by the sampled counties were ranked by the population size, and PPS was performed according to the scale of labor force from each communities. The last step was to extract the households from communities. The mapping-address method was used to establish the last sampling frame. The household address was chosen by the circulated distance sampling method beginning from a random starting. Finally, the laborers of the household (aged from 15 to 64) were included in the individual sample.
Sample size
To maximize statistical power and meet budget constraint, at least 400 communities were sampled. The best family number in each community was decided by the ratio of community expenditure and household expenditure (C/C 1 ) and the variance (σ 2 ) of secondary sampling unit (SSU). C = 3000, C 1 = 700, σ = 0.05, according to Cochran [21] and Raudenbush [22] , we determined the best household number as
Given 10 % tracing loss and the requirement of multistage, multi-variable analysis (1.7 times single-stage and single-variable analysis), the final household number within one community was n = 19*1.7/0.9 = 35. So the total household number should be no less than N = 400*35 = 14000. The number of respondents analysed in our research was 15992, with 261 unqualified ones excluded because of missing values.
Variables and coding
WHO defined health as a state of complete physical, mental and social well-being, and not merely the absence of disease or infirmity [23] . Released by the Canadian government in 1974, and acknowledged worldwide, the Lalonde Report first identified the four "health fields" influencing an individual's health: health biology (all aspects of human health, physical and mental), environment, life style, and health care organizations [24] . Based on the Lalonde Report's framework, we chose physical health status and psychological health status as the dependent variables, migration status as the independent variable, and demographic characteristics, working environment, socioeconomic status (SES), health behaviors and healthcare services access as control variables. The control variables were designed to measure the four health fields.
Physical and psychological health status was measured respectively in the CLDS questionnaire. For physical health status, respondents were asked the question "In general, how would you rate your overall physical health?" An answer of "excellent/very good/good" was coded 1 while "fair/poor" was coded 0. For psychological health status, respondents were asked "Did emotional problems (for instance, depression or anxiety) affect your daily work or activities?" The answer "none/few/sometimes" was coded 1, and "frequently/always" was coded 0.
According to migration experience, the respondents were categorized as migrants and non-migrants. Migrants could be further divided into "migrant population" and "returned population" by Chinese household registration system (hukou). In this research, migrant population is defined as the rural population who were now living or working out of their registered hometown for over 6 months when participating in the survey. The "returned population" refers to those who were living in their hometown but had had the experience of working out of the registered county for over 6 months. In terms of the hukou system, the non-migrant population was divided into the "urban residents" and "rural residents" who had never lived or worked out of their registered hometown. In this term, four population groups were identified and analysed in this study.
The demographic characteristics include sex (female = 0, male = 1), age (analysed as continuous variable), marriage (single or divorced = 0, married = 1) and education (primary school or lower = 0, junior high school = 1,senior high school = 2,college or above = 3).
Occupational hazard exposure was used to measure the working environment (not exposed = 0, exposed = 1).
The socioeconomic status of interviewees was selfevaluated using the 10-level Likert Scale. Health behaviors include smoking (do not smoke = 0, smoke = 1) and drinking alcohol (do not drink =0, drink =1).
Healthcare access included financial accessibility (without insurance = 0, with insurance = 1) and geographic accessibility (distance to nearest medical facilities from home, kilometres).
Models
Multiple logistic regression analysis was performed to explore the association of migration status and physical health and psychological health by controlling the other factors. A total of 5 regression models were established for the total population and subgroups respectively. Model 1 was designed for the total population, model 2 for males, model 3 for females, model 4 for age ≤ 45, and model 5 for age > 45. Considering that physical health and psychological health interact with one another [20, 25, 26] , the psychological health status was controlled in physical status analysis as an independent variable, and vice versa.
The software Stata 11 was used to conduct the statistical analysis. The sampling process considered the investigation design effect, therefore the "Svy" order was adopted to set out sampling parameters and to adjust the systematic error caused by sampling design. The weighted means, ratio and standard errors of variables were reported in descriptive results, so did the weighted parameters in multiple regression analysis.
Results

Descriptive results
The weighted results are shown in Table 1 Survey design effects (strata, cluster, family, and individual weight) were adjusted in the mean and proportion estimations average of distance to the nearest medical facility was 1.23 kilometers.
Migration status and physical health
The results of the logistic regression of the physical health model were reported in Table 2 . The results support the hypothesis that the sick or unhealthy migrant population returned to their hometown (hypothesis 3). In addition, the association between migration status and physical health is distinguished by age and sex. Using the migrant population as reference group, it reveals in the model of total population (OR = 0.661, P < 0.05), model of female (OR = 0.552, P < 0.05), and model of age ≤ 45 (OR = 0.648, P < 0.05) that the physical health of the returned population was significantly worse than the migrant population when controlling the other variables. However, the difference was not shown in the model of the male and model of age > 45. The health status of the migrant population was significantly better than the rural residents only in the model of total population (OR = 0.756, P < 0.05). However, the association of physical health status between the migrant population and urban residents was not significant in five models. These findings indicate that, at least in this research, the hypothesis of better health status of the migrant population (hypothesis 1) has only limited support.
We also used the urban residents as reference group and the results showed that the returned population and rural residents all had worse physical health than the urban residents in the model of total population, model of female and model of age > 45. This finding was not presented in the table because of the space limitation.
For the control variables, age had a negative relation to physical health status in the model of total population (OR = 0.937, P < 0.001), of male (OR = 0.937, P < 0.001), and of female (OR = 0.935, P < 0.001). Married migrants enjoyed better health status than the unmarried in the model of total population (OR = 1.337, P < 0.01), and model of male (OR = 1.434, P < 0.05), but negative in model of age ≤ 45 (OR = 0.723, P < 0.05). Respondents having a junior-high school or higher education have much better physical health status than those who attended, or attended but did not finish, primary school. The socioeconomic status had a positive correlation with physical health status in all five models (OR = 1.175, P < 0.001; OR = 1.201, P < 0.001; 
Migration status and psychological health
Using the migrant population as reference group, the psychological health of the returned population is not distinguished from the migrant population in the five models. This finding did not support hypothesis 3. Nor did the psychological health distinguish between the migrant population and rural residents, or between the migrant population and urban residents, which meant hypothesis 1 was not tenable with regard to psychological health. The results indicated that migration status was not associated with psychological health status. When we used the urban residents as reference group, the results showed no difference of the psychological health among the urban residents, returned population and rural residents in five models (Table 3) .
It also reveals that males had better psychological status than females in the model of total population (OR = 1.391, P < 0.05). Marriage was proved positive in models of total population (OR = 1.549, P < 0.01), of males (OR = 1.644, P < 0.05), and of age > 45 (OR = 1.890, P < 0.01). Education was of significant influence in all 5 models. Socioeconomic status imposed positive influence in the model of total population (OR = 1.103, P < 0.01), of female (OR = 1.093, P < 0.05) and of age > 45 (OR = 1.156, P < 0.001), but exposure to occupational hazards showed negative influence on psychological health in the model of total population (OR = 0.693, P < 0.01) and of age ≤ 45 model (OR = 0.584, P < 0.01). Occupational hazard was negatively associated with both physical and psychological health status, which was supposed to be an influential intervening predictor.
Discussion
The relationship between migration and health is complicated. Healthy migrant effect is suitable for Chinese internal migration. According to the analysis, the physical health of the returned population was worse than the migrant population. The hypothesis that the sick or unhealthy migrant populations return to their hometown can be supported by their self-evaluated physical health status. The physical health status of migrants is significantly better than rural residents, but not significantly better than urban residents. This finding partly supported hypothesis 1. The analysis of psychological health showed that there did not exist significant association between migration status and psychological health. This research makes a preliminary explanation for the fact that the physical health status of the returned population is worse than the migrant population. The migrant population, however, does not necessarily have better physical health than the urban residents. The health status of the returned population and migrant population were distinguished in terms of age and sex, which facilitates the understanding of the complex relationship between migration and health [6] . For the female respondents, the returned population had worse physical health status than the migrant population, but male respondents did not report this difference. The first reason that may cause this situation is the roles of men and women in social life in China. Men's duty is to earn the bread and raise a family, and women's role is homemaker and takes care of the family [27] . When man's health is worse, instead of returning to his hometown, a man has to contribute to his family by hanging on to his job in urban areas. However, an unhealthy woman may return to her hometown to contribute to the family by taking care family members and involving herself in agricultural activities. The second reason is the differentials of men's and women's social network and social support in urban areas. As comparison with men, most migrant women are in isolated situations with limited opportunities to build social networks [28] . Once the men's and women's health become worse, the men might get more social support than women in the urban areas and the women with limited social network in urban areas have to return hometown to seek for social support.
The health status of the returned population aged ≤ 45 is worse than the migration population aged ≤ 45. This may be because the job-related health selection forced laborers aged ≤ 45 to return to their hometowns if their health conditions were not competent for the hard work in urban areas. However, there exists no distinction of health status between the returned population and migrant population aged > 45. It may be due to two reasons: first, the health advantage of migrant population dissipates over time; second, the effect of job-related health selection on those aged > 45 is weaker [29] .
The self-evaluated physical health status of the migrant population was not significantly different from urban residents, which suggests that the migrant population may not possess the health advantages as compared to urban residents. This finding is inconsistent with hypothesis 1 and previous studies. It may be due to the weakened health selection caused by short-distance migration. In the previous studies, as the target destinations were metropolitan areas such as Beijing and Hangzhou [6, 13] , the migration population had to travel a long distance to migrate; while in the CLDS survey, the subjects were sampled nationwide, and the crosscounty short-distance migration weakened the health selection effect. Rather, the finding that health status of migrant population is better than rural residents supports the hypothesis that the migrant population has a health advantage as compared to rural residents from the aspect of labour migration [8, 13] .
The association of migration and heath proved by the nation-wide survey data have very strong policy implications. First of all, the outflow of healthy rural residents and the inflow of the unhealthy returned population imposed extra costs on the New Cooperative Medical Scheme (NCMS) [30] . The increased number of the unhealthy population may further burden or even bankrupt the fund. To cope with the risk, it requires the central government to fully consider the comprehensive health condition of the insured, and adjust the capitation subsidy policy by the health requirements of the enrolees by NCMS.
Second, effective policy interventions should be taken to prevent the possible damages to the health of the migrant population. Since exposure to occupational hazards exerts significant influence on the physical and psychological health of the returned population. Very strict regulation should be made to improve the workplace environment and increase occupational protection. Third, since the geographical accessibility is of significant influence on health status, it is therefore necessary to further promote the development of primary health care facilities.
The limitations in this study are as follows. First, the cross-sectional data only reveals the association between migration status and health status, but it does not explain the causality of migration and health. In order to make further exploration, it requires cohort data to analyse the changes among migration status and physical, psychological health, and find the causality influence between migration and health.
Second, only two items of CLDS questionnaire were used to measure the self-evaluated physical and psychological health in this study. Although these measurements have been proved effective in China, further study should employ more objective items and health indicators to measure the health of migrants. Third, this research focuses on the job-related migration and health status of the labour force. Studies on the relationship between un-job-related migration and health are worth doing in the future. Finally, although hypothesis 3 is supported by Chinese internal migrants, but the expansion to the international migration is challengeable. It requires large transnational survey and captures a lot of returned migrants, which is difficult and expensive.
Conclusion
By using the nation-wide representative survey data from CLDS, this paper aims to test two hypotheses of the Healthy Migrants Effect: the sick or unhealthy immigrants are more likely to return to their hometown, and the health status of migrants is better than the local residents in the destination place or the original place. The results of multiple logistic regression analysis indicated that the physical health status of the returned population was significantly worse than the migrant population controlling other factors.
The association between migration status and health status was distinguished in age and sex. However, the association of psychological health between the returned population and the migrant population was not significant. The findings support the Healthy Migrant Effect hypothesis and had very strong policy implications: the government should improve the capitation subsidy policy of NCMS, exert more strict regulation on the environment of the workplace, and develop primary health care facilities.
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